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Abstract

A new chemical kinetic reaction mechanism has been developed for the oxidation of 

methylcyclohexane (MCH), combining a new low-temperature mechanism with a 

recently developed high temperature mechanism.  Predictions from this kinetic model are 

compared with experimentally measured ignition delay times from a rapid compression 

machine.  Computed results were found to be particularly sensitive to isomerization rates 

of methylcyclohexylperoxy radicals.  Three different methods were used to estimate rate 

constants for these isomerization reactions.  Rate constants based on comparable 

alkylperoxy radical isomerizations corrected for the differences in the structure of MCH

and the respective alkane, predicted ignition delay times in very poor agreement with the 

experimental results.  The most significant drawback was the complete absence of a 

region of negative temperature coefficient (NTC) in the model results using this method, 

although a prominent NTC region was observed experimentally.  Alternative estimates of

the isomerization reaction rate constants, based on the results from previous experimental 

studies of low temperature cyclohexane oxidation, provided much better agreement with 

the present experiments, including the pronounced NTC behavior.  The most important 

feature of the resulting methylcyclohexylperoxy radical isomerization reaction analysis 

was found to be the relative rates of isomerizations that proceed through 5-, 6-, 7- and 8-
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membered transition state ring structures and their different impacts on the chain-

branching behavior of the overall mechanism.  Theoretical implications of these results 

are discussed, with particular attention on how intramolecular H atom transfer reactions 

are influenced by the differences between linear alkane and cycloalkane structures.

Keywords: methylcyclohexane, rapid compression machine, alkylperoxy isomerization

Introduction

Many chemical kinetic studies in recent years have examined oxidation of n-

alkane and branched alkane hydrocarbons [1-4] over the low and intermediate 

temperature ranges that influence ignition phenomena in many practical combustion 

systems [5] including spark-ignition, diesel, and homogeneous charge, compression 

ignition (HCCI) engines.  The importance of low temperature oxidation and heat release, 

and the role of a region of negative temperature coefficient (NTC) are now firmly 

established.  Numerous reaction mechanisms have been developed to describe these 

processes, which emphasize the central role of alkylperoxy radical isomerization reaction 

pathways that determine the relative amounts of chain branching, propagation and 

termination and how these balances change with temperature and pressure.  

The reaction sequence, which occurs from about 650K to 850K, in shown in Fig.

1, beginning with abstraction of H atoms from the hydrocarbon RH, producing an alkyl 

radical R.  At these low temperatures, O2 adds rapidly to R to produce the alkylperoxy 

radical RO2, which then abstracts an H atom from within the RO2 species to produce a 

hydroperoxyalkyl radical QOOH.  This process of alkylperoxy radical isomerization 
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proceeds via a ring-like intermediate transition state containing 5, 6, 7 or 8 atoms, and the 

rate of each H atom transfer depends on the number of atoms in this transition state ring

and the type of C - H bond that is broken when the H atom is abstracted internally [6].

Each QOOH species produced by RO2 isomerization subsequently reacts via 

multiple pathways, including isomerization back to RO2, cyclization to produce epoxides 

and OH, C - O bond fission to produce olefins and HO2, or other essentially chain 

propagation reactions, or addition of another O2 to begin the only important series of low 

temperature reactions that leads to chain branching.  For n-alkane and branched alkane 

fuels, the QOOH products of the 5-membered, 7-membered and 8-membered 

intermediate ring structures react primarily through chain propagation paths [6, 7], and 

only the 6-membered ring structure products lead primarily to chain branching via the 

addition of a second O2 molecule.  Prediction of low and intermediate temperature 

hydrocarbon ignition therefore requires understanding the relative rates of RO2

isomerization reactions and particularly the proper balance between propagation and 

branching pathways.

The principal goal of this work is to study these issues when the fuel is a 

cycloalkane instead of n-alkane or branched alkane, to see if the analogous reaction 

pathways have similar influences on the overall chain reaction, and how their rates can be 

related to those for n-alkanes and branched alkanes.  A second motivation is the need for 

comprehensive reaction mechanisms for cycloalkane fuels to include in surrogates for 
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practical fuels including gasoline, diesel, and jet fuel in simulations of practical 

combustors.  Since these fuels contain hundreds of hydrocarbon components, it is not 

possible to represent all of them using detailed reaction mechanisms.  Instead, a small 

number of fuel components can be identified to represent a surrogate for the practical 

fuel.  This surrogate is defined by selecting one or more constituents from each chemical 

class in the practical fuel.  These chemical classes include n-alkanes, iso-alkanes, cyclo-

alkanes, alkenes, single ring and polycyclic aromatics, and oxygenates.  Cyclo-alkanes 

are important because they comprise a significant fraction of the hydrocarbons in diesel 

fuel and jet fuel [8].  With the emergence of oil-sand derived fuels with a larger fraction 

of cyclo-alkanes than conventional fuels [9], cyclo-alkanes will play a larger future role 

in practical fuel chemistry.  

Limited experimental and chemical kinetic mechanism studies have been made on 

oxidation of cycloalkanes.  Low temperature cyclohexane oxidation was investigated by 

Walker et al. [10, 11] in a static reactor at 670 to 770K and 15 and 500 torr.  They used 

initial product yields from cyclohexylperoxy radical isomerization to derive RO2

isomerization rate constants.  Lemaire et al. [12] studied low temperature oxidation of 

cyclohexane in a rapid compression machine, finding that cyclohexane exhibits a two-

stage ignition at low temperatures.  High temperature oxidation of cyclohexane was 

investigated by Voisin et al. and Bakali et al. in a stirred reactor at elevated pressures [13, 

14].  They developed a detailed mechanism for cyclohexane and validated it at 

temperatures above 900K and at pressures of 1, 2 and 10 atm.  There have been at least 

two studies of the conjugate olefin of cyclohexane (cyclohexene).  Ribaucour et al. [15]

experimentally investigated ignition and evolution of cyclohexene in a rapid compression 
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machine and developed a detailed kinetic model from their measurements.  Many of their 

chemical kinetic pathways are similar to those discussed in this work.  High temperature 

cyclohexene oxidation was studied behind reflected shock waves by Dayma et al. [16], 

who also developed a detailed chemical kinetic mechanism and validated it, using their 

experiments.

Low temperature oxidation of methylcyclohexane was investigated for one test 

condition at an equivalence ratio of 0.4 in a rapid compression machine by Tanaka et al. 

[17].  They observed two-stage ignition of MCH with an ignition delay time near that of 

2-heptene.   No developments of detailed chemical kinetic mechanisms for MCH or

cyclohexane at low temperature have been carried out previous to the present paper.  

High temperature MCH oxidation has been studied recently by Orme et al. [18], with a 

thorough review [19] of previous work including earlier studies of Zeppieri et al. [20] in a 

flow reactor and McEnally et al. in a laminar diffusion flame [21].  High temperature 

oxidation of n-propylcyclohexane was studied by Ristori et al. [22] in a stirred reactor at 

atmospheric pressure.  They developed a detailed kinetic mechanism for high temperature 

oxidation of n-propylcyclohexane and validated it by comparison to their experimental 

measurements. 

Methylcyclohexane is a starting point for development of chemical kinetic 

mechanisms for other cycloalkanes.  To provide a kinetic mechanism valid for the wide 

temperature ranges required for modeling combustion in engines, we developed a low 

temperature oxidation mechanism for MCH and merged it with a recent high temperature 

mechanism [18] to model experiments on MCH ignition in a rapid compression machine.

Experiments
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The NUIG rapid compression machine (RCM) has a twin opposed piston configuration 

described previously [23, 24], resulting in fast compression of little more than 16 ms.  

Creviced piston heads produce a near-homogeneous post-compression temperature 

distribution in the combustion chamber [25].  Gases were supplied by BOC Ireland: 

nitrogen (CP Grade) 99.95%, argon (Research Grade) 99.9995%, oxygen (Medical 

Grade) 99.5% and were used without further purification.  Methylcyclohexane was 

obtained from Aldrich Chemical Co. Ltd. and was determined to be 99.6% pure using gas 

chromatographic analysis.  To minimize the presence of atmospheric air in the sample, 

liquid MCH was subjected to several freeze–pump–thaw degassing cycles before being 

used.  Stoichiometric fuel/‘air’ mixtures were prepared manometrically in a stainless steel 

container and allowed to homogenize over a 12 hour period.  Experiments were carried 

out at a compression ratio of 10.5:1 with a compression time of approximately 16.6 ms. 

In order to investigate compressed gas temperatures in the range 680—980 K, two 

different parameters were adjusted: (i) the diluent gases were varied to alter the overall 

heat capacity of the fuel and ‘air’ mixture, resulting in a range of compressed gas 

temperatures; (ii) a thermostat fitted to the combustion chamber allowed the initial 

temperature to be varied independently. The compressed gas temperature, Tc, was 

calculated using experimentally measured compressed gas pressures and the initial 

temperature and pressure in the chamber.  Rather than using the exact geometric 

compression ratio in the calculation of Tc, the compression ratio was varied slightly such 

that the calculated compressed-gas pressure matched that measured at the end of 

compression using the isentropic compression formula.  This procedure helped to account 

for heat losses and blowby in the experiment. The variation of specific heat with 
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temperature for MCH, O2 and diluent was included in the calculation.  Three diluents 

were used, 100% N2, 50% N2:50% Ar, and 100% Ar, providing enough range in diluent 

specific heat to cover the targeted range of compressed gas temperature while keeping the 

compression ratio fixed.  Tc was then plotted against the measured ignition delay time, to 

produce the overall reactivity profiles presented below.  Pressure–time data were 

measured using a pressure transducer (Kistler 603B) and recorded digitally using a 

personal computer.  The ignition delay time was defined as the time from the end of 

compression to the maximum rate of pressure rise at ignition.  In general, we found that 

the ignition delay times were reproducible to within 5% of one another at each Tc. 

Chemical kinetic mechanism

The kinetic mechanism used in this study was developed by adding species and reactions 

needed for the low and high temperature chemistry of MCH to previously mechanisms 

for C1-C6 [7].  Submechanisms for toluene, benzene and cyclopentadiene were included 

[26].  High temperature reactions for MCH were added from Orme et al. [18], who had 

validated that mechanism using measured shock-tube ignition delay times and 

experimental species histories in a flow reactor [20].   The mechanism development in 

the present work concerns the low temperature chemistry of methylcyclohexane 

described below.  High temperature and low temperature mechanisms assembled here, 

together with comparisons with multiple experimental datasets, represent significant 

progress towards a comprehensive detailed kinetic mechanism for MCH oxidation.  The 

mechanism and thermodynamic data in CHEMKIN format [27] are available as 

supplemental data.
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Thermodynamic properties, reactions paths and reaction rate constants for low 

temperature oxidation of MCH were estimated.  Thermodynamic properties of MCH and 

species associated with its low temperature oxidation were estimated using THERM [28-

30].  Reaction paths and associated reaction rate constants were added to describe low 

temperature oxidation of MCH as outlined in Fig. 1.  These reactions follow the addition 

of MCH radicals to O2 and subsequent reactions.  Reactions include isomerization to 

form hydroperoxy-methylcyclohexyl radicals (QOOH), and decomposition of QOOH to 

cyclic ethers and other products.  They also include addition of hydroperoxy-

methylcyclohexyl radicals to O2, isomerization to carbonyl-methylcyclohexyl-

hydroperoxides (HO2Q’=O + OH) and their subsequent decomposition to produce 

carbonyl-cyclohexoxy radicals and OH radicals. 

Selection of reaction rate constants for key reactions

The first reaction step in the low temperature chemistry sequence (Fig. 1) is the 

addition of molecular oxygen to the MCH radical, which has five isomers denoted in Fig. 

2.  For radical positions “X” and 1, the rate constant was assumed to be the same as 

addition of O2 to a primary and tertiary alkyl radical, respectively [7].  For radical 

positions 2-4, the rate constant was assumed to be analogous to addition to a secondary 

alkyl radical [7].  

The next low temperature reaction step is the isomerization of 

methylcyclohexylperoxy radicals.  Three different sets of rate constants were tested for 

these reactions.  In the first set, rate constants were estimated based on the reaction rate 

rules for analogous alkylperoxy isomerizations [7].   When estimating the pre-exponential 

factors, one must account for changes in the number of internal rotors as RO2 radicals 
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move along the reaction coordinate from reactant to transition state.  This accounting can 

be performed using the transition state theory expression from Brocard et al. [31]:

( ) 1
‡ 15.3expxx

−







 +∆
= s

R
nrpd

h
TkeA irot (Eqn. 1)

where A is the pre-exponential factor, e is a mathematical constant, k is Boltsmann’s 

constant, h is Planck’s constant, T is temperature, R is the gas constant, rpd is the reaction 

path degeneracy (number of abstractable H-atoms) and Δnirot
‡ is the change in the number 

of free rotors as RO2 radical moves from reactant to transition state.  The changes in 

Δnirot
‡ for methylcyclohexylperoxy and alkylperoxy are illustrated in Fig. 3 for a 5-

membered transition state ring isomerization.   “R” indicates the location of a free rotor in 

the radical structure.  The cyclohexane ring contains no free rotors because the CH2

groups are hindered from rotating, due to electrostatic interactions between the H atoms 

in the ring.  It can be seen that in the alkylperoxy radical case, two free rotors are lost as 

the reactant proceeds to the transition state (Δnirot
‡ = -2), while in the 

methylcyclohexylperoxy case, only one free rotor is lost (Δnirot
‡ = -1).  Since Δnirot

‡ is one 

higher for the MCH case, the A-factor must be increased by a factor of 5.8 compared to 

the n-alkylperoxy case.   Extending this analysis to the other ring sizes, Δnirot
‡ is two 

higher for the six-membered ring and three higher for the seven-membered ring 

isomerization.   This leads to increases in the A-factor of the methylcyclohexylperoxy 

isomerization by 6, 34, and 200 times (Eqn. 1) compared to the alkylperoxy radical 

isomerization, when the transition state is on the cyclohexane ring.

The A-factors rules from [7] for 5, 6, and 7-membered ring transition states for 

alkylperoxy radical isomerization were modified to account for these adjusted number of 

rotors, giving an A-factor of 5 x 1012 per secondary C-H site for RO2 isomerizations 
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occurring on the cyclohexane ring (Table 1).   The activation energy was assumed to be 

unchanged from the alkylperoxy isomerization case to the methylcyclohexylperoxy case.  

The relative branching fractions of the RO2 isomerizations at 750K are given in the last 

column in the Table.  The 7-membered rings isomerizations are highly favored with 77% 

of the isomerization going through this ring size.  Ribaucour et al. [15] used a similar rate 

estimation for RO2 isomerizations in cyclohexene.  Based on their rate constants, 97% of 

the RO2 isomerizations go through the 7-membered rings at 750K, consistent with the 

present formulation.  As discussed earlier, 7-membered rings lead to chain propagation 

paths rather than chain-branching paths associated with 6-membered rings.  This 

dominance of the 7-membered ring isomerizations and the resulting lack of low 

temperature chain branching produces the poor results described below for this set of 

reaction rate expressions.

A second set of RO2 isomerization rates were estimated from the experiments of 

Gulati and Walker [10].  In their cyclohexane experiments, they determined that the

corresponding cyclohexylperoxy isomerization rate constants for 5-, 6-, and 7-membered 

ring transitions states were 5, 5, and 20 times slower at 753 K than their corresponding n-

/iso-alkylperoxy isomerizations.  This difference was attributed to increased strain in the 

transition state in the 5- and 6-membered ring compared to the analogous ring in the 

corresponding n-alkylperoxy transition state.  For the six-membered ring, the decrease in 

isomerization rate for cyclohexylperoxy isomerization was attributed to its occurrence 

only in the “energetically unfavorable twisted boat form” of the cyclohexylperoxy radical 

(Fig. 4).  The “boat” form allows a more strain free RO2 isomerization, but it is a less 
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energetically stable structure by about 5 kcal compared to the “chair” form [10].  Since 

the differences between alkylperoxy and cyclohexylperoxy rate constants were attributed 

to enthalpy rather than entropy factors, the activation energies of 

methylcyclohexylperoxy isomerizations were all increased relative to their alkylperoxy 

radical counterparts [7] by 2.5, 2.5, and 5.0 kcal/mole for the 5, 6, and 7 membered 

transition states to account for the reduction of 5, 5, and 20 times observed at 753 K by 

Gulati and Walker, giving the rate expressions shown in Table 1, while the corresponding 

A-factors for were kept the same as their n-/iso-alkylperoxy counterparts [7].  For this set 

of rate constants, the 6-membered ring isomerization is greatly favored (Table 1, last 

column).  Since 6-membered rings lead to chain branching paths, this set of rate constants 

leads to a pronounced NTC behavior, as discussed below.

A third set of RO2 isomerization rate constants was based on more recent 

cyclohexane experiments of Handford-Styring and Walker [11].  They were able to 

derive both pre-exponential factors and activation energies for cyclohexylperoxy 

isomerizations by measuring initial product yields at 673, 713, 753 and 773K and 

comparing cyclohexylperoxy isomerization rates to measured alkylperoxy rates.  We 

used the differences they derived in A-factors and activation energies between 

alkylperoxy and cyclohexylperoxy isomerization rate constants to modify alkylperoxy 

isomerization rate constants for methylcyclohexylperoxy.  The resultant expressions are 

shown in Table 1.  The rate constants are about twice the Gulati and Walker based rate 

constants at 750K, and the relative branching fractions are similar to the Gulati and 

Walker values, with the six-membered ring dominating, and calculations with these rate 

constants also lead to NTC behavior in MCH reaction.
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Results

Ignition delay times measured experimentally in the rapid compression machine are 

shown as symbols in Figure 5.  Three sets of experimental results are included;  all three 

are for stoichiometric MCH/O2/diluent mixtures, but three different diluents (100% N2,

50% N2:50% Ar, and 100% Ar) were used to span the range of temperatures shown, as 

noted earlier.  The small differences in results with when different diluents were used are 

due to different amounts of heat transfer to the combustion chamber walls as the diluent 

is varied [32].  

Ignition delay times predicted by the kinetic model are shown in Fig. 5 for the 

three sets of isomerization rate constants.  Calculations were carried out at constant 

volume using SENKIN [27], using experimentally determined compressed gas 

temperature as initial conditions and neglecting heat losses to the combustion chamber 

walls.  This does not consider any reactions that can occur during the latest portion of the 

compression stroke, which are quite likely to contribute to the fuel consumption in the 

cases where the observed ignition delay is very short.  The ignition delay times predicted 

using the “alkylperoxy-based estimates” of RO2 isomerization rates are much too long at 

low temperatures and fail to exhibit the negative temperature coefficient behavior 

observed in the experiments.   In contrast, the computed ignition delay times using RO2

isomerization rate constants from Gulati and Walker [10] and from Hanford-Styring and 

Walker [11] are in much better agreement with the experimental times.  The 

experimentally observed negative temperature coefficient (NTC) behavior is reproduced 
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correctly by these models.  In Fig. 6, experimental results for stoichiometric mixtures at 

10, 15, and 20 atm pressure are shown, together with computed results using the Gulati-

Walker-based rate expressions.  The trend of decreasing ignition delay times with 

increasing pressure agrees well between the experiments and the model for the entire 

temperature range, and a strong NTC behavior is observed at all of the pressures studied.  

The ignition delay times predicted by the model are still longer overall than those 

measured in the experiments by about a factor of two at 750K.  We note that neglect of 

reaction during the compression stroke under the most reactive conditions close to 750K 

is likely responsible for some of these differences.

Discussion

The present model calculations show that the computed results were most sensitive to the 

rates of methylcyclohexylperoxy radical isomerization reactions.  Three sets of these RO2

isomerization rate constants for MCH were examined, summarized in Table 1.  The first 

set of rate constants, based on transition state analyses developed to describe similar RO2

isomerization reactions in n-alkane and iso-alkane molecules, lead to RO2 isomerizations 

that mainly proceeded through 7-membered transition state rings.  The second and third 

sets of rate constants, based on the experiments of Walker et al., proceed mainly through 

6-membered rings.   This result is important because only the 6-membered ring leads to 

significant chain branching through the sequence,

RO2 ↔ QOOH (a)

QOOH + O2 ↔ O2QOOH → HO2Q’=O + OH (b)
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HO2Q’=O → OQ’=O + OH (c)

where two reactive OH radicals are generated that accelerate the autoignition process.

The 5- and 7-membered ring pathways also include these reactions, but they compete

with the chain propagating reaction pathways including

QOOH → Q + HO2 (d)

for the 5-membered transition state ring, which is fast because its energy barrier is lower 

than the highly strained, 5-membered ring isomerization reaction of O2QOOH → 

HO2Q’=O + OH .

For the 7-membered ring pathway, the chain propagation step,

QOOH → QO + OH, (e)

is fast because it goes through a transition state with low ring strain to form a 

tetrahydrofuran, QO.   Thus, the reaction sequence (a, b and c) provides significant chain 

branching only for the 6-membered ring transition state, and the first set of reaction rates 

in Table 1 minimizes the role of these reactions and effectively eliminates low 

temperature chain branching.

The first set of rate constants failed to produce the correct NTC behavior, 

indicating that using n-/iso-alkane based RO2 isomerization rate constants, corrected for 

differences in free rotors, leads to rate constants that produce qualitatively incorrect 

system behavior for this cycloalkane.  There are losses in entropy as the reaction 

proceeds from reactant to transition state, perhaps due to loss of bending motions of the 

cyclohexane ring, that are unaccounted for by this approach.  The two sets of rates based 

on experiments with cyclohexane provide enough chain branching through 6-membered 

transition state rings to reproduce the observed NTC character of the ignition.  Electronic 
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structure and statistical mechanics calculations [33] are needed to better explain the 

differences in rate constants between n-/iso-alkanes and cyclo-alkanes.

Conclusions

Oxidation of methylcyclohexane has been examined experimentally and 

computationally in a rapid compression machine.  A low-temperature oxidation 

mechanism for methylcyclohexane has been developed to model the experiments.  The 

computations found that n-/iso-alkane-based estimates of RO2 isomerization rate 

constants predicted ignition delay times much too long compared to those measured in 

the RCM.   Rate constants based on experimental results of Walker et al. yielded much 

better predictions compared to the experiments.  These differences were attributed to the 

greater importance of 7-membered ring isomerizations in the original estimates, 

compared to 6-membered rings in the Walker-based estimates.  Our study indicates that 

the relative rates of 5-, 6-, and 7-membered ring methylcyclohexylperoxy isomerizations 

are critical to prediction of ignition delay times in NTC regions.

These reaction pathways continue to be the focus of intense scrutiny and 

theoretical attention; for example, recent studies have shown [34-36] for ethane and 

propane that concerted HO2 elimination reactions of the alkylperoxy radical RO2, leading 

directly to Q + HO2, are much more important than previously believed.  Since this path 

is a propagation step and competes with isomerization and subsequent second O2 addition 

reactions, inclusion of concerted elimination reaction steps may have a considerable 

effect on the overall oxidation mechanism.  Studies to date on the RO2 concerted 
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elimination reaction have considered only small n-alkane hydrocarbons, so extension to 

cyclic alkanes is currently uncertain, but the present analysis shows that the important 

parameter will still be the balance between chain-branching and chain-propagation paths

for the different RO2 radicals produced by the reacting hydrocarbon species.
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Supplemental data

List of files:

mch_ver1p.mech            text file of MCH mechanism in CHEMKIN format
surrogate_ver8b.therm text file of MCH thermodynamic properties in CHEMKIN

 format
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Table 1: Methylcyclohexylperoxy radical isomerization rate constants used in present 
study (cm-mole-sec units; rate constant is per secondary C-H site)

Ring size in 
transition state

A n Ea Rate at 750K Branching
fraction

Alkylperoxy-corrected estimate:
5 5.0e12 0 26850 8.0e4 0.4%
6 5.0e12 0 20850 4.5e6 23%
7 5.0e12 0 19050 1.5e7 77%
Gulati and Walker based estimate:
5 1.00e11 0 29350 3.0e2 12%
6 1.25e10 0 23350 2.1e3 82%
7 1.50e9 0 24050 1.6e2 6%
Hanford-Styring and Walker based estimate:
5 6.20e10 0 27495 6.0e2 11%
6 1.25e10 0 24076 4.5e3 81%
7 1.50e9 0 24355 4.3e2 8%
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List of figure captions:

Fig. 1: Chemical kinetic paths for the low temperature oxidation of alkanes.

Fig. 2: The MCH radical isomers are denoted by a number for a radical site on the ring or 
“X” for a radical site on the CH3 group.

Fig. 3: The change in the number of free rotors as an RO2 radical moves from reactant to 
a 5-membered transition state for an n-alkylperoxy radical and a methylcyclohexylperoxy 
radical isomerization.

Fig. 4:  The boat and chair structure of the cyclohexylperoxy radical.

Fig. 5: Measured ignition delay times (symbols) for MCH/O2/diluent stoichiometric 
mixtures for 10 atm pressure at the end of compression.  The predicted ignition delays 
(curves) are for the three estimates of RO2 isomerization rates for MCH.

Fig. 6:  Comparison of model predictions using the Gulati and Walker based estimate for 
RO2 isomerization rates (curves) and experimental measurements (symbols) for 
stoichiometric mixtures of MCH/O2/diluent at 10, 15 and 20 atm pressure at the end of 
compression.
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Fig. 1: Chemical kinetic paths for the low temperature oxidation of alkanes.
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Fig. 2: The MCH radical isomers are denoted by a number for a radical site on the ring or 
“X” for a radical site on the CH3 group.
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Fig. 4:  The boat and chair structure of the cyclohexylperoxy radical.
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